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Pathway substrates and some structural analogs directly activate the 
regulatory protein DmpR to promote transcription of the dmp 
operon genes encoding the (methyl ) phenol degradative pathway of 
Pseudomonas sp. strain CF600. While a wide range of phenols can activate 
DmpR, the location and nature of substituents on the basic 
phenolic ring can limit the level of activation and thus utilization of 
some compds. as assessed by growth on plates. We address the role of the 
arom. effector response of DmpR in detg. degradative properties 
in two soil matrixes that provide different nutritional conditions. Using 
the wild-type system and an isogenic counterpart contg. a DmpR 
mutant with enhanced ability to respond to para-substituted 
phenols, we demonstrate (1) that the enhanced in vitro biodegradative 
capacity of the regulator mutant strain is manifested in the two 
different soil types and (2) that exposure of the wild-type strain to 
4-methylphenol-contaminated soil led to rapid selection of a subpopulation 
exhibiting enhanced capacities to degrade the compd. Genetic and 
functional analyses of 10 of these derivs. demonstrated that all harbored 
a single mutation in the sensory domain of DmpR that 
mediated the phenotype in each case. These findings establish a 
dominating role for the arom. effector response of DmpR in detg. 
degrdn. properties. Results indicate that the ability to rapidly adapt 
regulator properties to different profiles of polluting compds, may 
underlie the evolutionary success of DmpR-like regulators in 
controlling arom. catabolic pathways. 
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rbon and energy sources can be adapted to create bacterial 
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that control prodn. of bacterial enzymes that metabolize 



pollutants. We have attempted to overcome this problem throunh 
modification of DmpR, a regulatory protein for the th ™"9h 

^ rdn * P athw aY of Pseudomonas sp. strain CF600. The 
phenol detection capacity of DmpR was altered by usina 
mutagenic PGR targeted to the DmpR sensor domain 
DmpR mutants were identified that both increased 
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regulates transcription of the (methyl (phenol catabolic 
dmp-operon. DmpR is constitutively expressed, but its 

transcriptional promoting activity is pos. controlled in direct resoonse 
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AB The activator-encoding gene phlR was identified upstream of the 
plasmid-encoded operon for phenol degrdn. in Pseudomonas putida 
strain H by cassette mutagenesis and DNA sequence anal. The 
deduced amino acid sequence of PHLR shows high homol. to DmpR of 
P. putida sp. CF600 and to the chromosomally encoded phhR of P. putida 
P35X reported previously. Trans-activation of phenol degrdn. 
was obsd. when phlR was overexpressed in a phlR insertion mutant 
. Transconjugants of Escherichia coli carrying pPGHll, which contains the 
complete set of phi genes, are unable to grow on phenol as 
carbon source. However, two types of mutants were selected for 
further characterization that were able to metabolize phenol as 
sole source of carbon and energy. In both types of mutants 
enhanced expression of phlR is responsible for the Phl+ phenotype. In 
type I (pPGH13) a deletion of 1 bp made the -35 region and the spacing 
between the -35 and -10 regions of the phlR promoter more similar to the 
consensus structure. In type II (pPGH14) a duplication of the phlR 5' 
region was identified that includes part of the -35 motif and reduces the 
spacing between the -35 and -10 regions. In addn., due to the duplication 
of part of phlR, the distance from the phlR promoter to the catabolic phi 
operon is increased. Different transcriptional start sites have been 
identified by primer extension anal, in clones harboring pPGH14 or the 
wild type phlR. Quant, primer extension anal, revealed that the greatest 
amt. of phlR transcript is expressed from the partial, phlR duplication. 
Growth on phenol and phenol hydroxylase activity 

reflect the high level of phlR transcript in E. coli transconjugants. 
Overexpression of PhlR was also obsd. when pPGH14 was transferred into P. 
putida, and results in earlier induction of the phenol degrdn. 
operon relative to the wild-type strain. 
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AB Degrdn. of PhOH by A. calcoaceticus NCIB8250 involves . sigma . 54-dependent 
expression of a multicomponent PhOH hydroxylase and catechol 
1, 2-dioxygenase encoded by the mop operon. Complementation of a new 
mutant deficient in PhOH utilization yielded the regulatory locus 
mopR. It is located in divergent orientation next to the mop operon. 
MopR is constitutively expressed at a low level from a . sigma . 70-type 
promoter and belongs to the NtrC family of regulators. The amino acid 
sequence is similar to that of XylR regulating xylene degrdn. 
and to that of DmpR regulating dimethylphenol degrdn. in 
Pseudomonas spp. However, it shows a different effector profile for 
substituted phenols than DmpR. MopR activates phenol 
hydroxylase expression in the presence of PhOH in Escherichia coli, 
indicating that it binds the effector. The PhOH-binding A domains of MopR 
and DmpR have fewer identical residues than the A domains of 
DmpR and XylR, despite the fact that XylR 

recognizes different effectors. This suggests that sequence conservation 
in the A domain does not reflect the potential to bind the resp. 
effectors. Overexpression of the MopR A domain in the presence of 
wild-type MopR causes loss of mop inducibility by PhOH, establishing its 
neg. transdominance over MopR. Deletion of 110 residues from the N 
terminus did not affect transdominance of the truncated domain, whereas 
deletion of 150 residues abolished it completely. This result established 
the distinction of 2 subdomains, AN and AC, which together constitute the 
A domain. The C-terminal portion of the A domain, AC, shows considerable 
affinity for the C domain, even in the presence of the trigger PhOH. 
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AB The . sigma . 54-dependent DmpR activator regulates transcription 
of the dmp operon that encodes the enzymes for catabolism of 
(methyl ) phenols . DmpR is expressed constitutively, but its 
transcriptional promoting activity is controlled pos. in direct response 
to the presence of arom. pathway substrates (effectors). DmpR 
has a distinct domain structure with the amino-terminal A-domain 
controlling the specificity of activation of the regulator by arom. 
effectors (signal reception), a central C-domain mediating an ATPase 
activity essential for transcription activation, and a carboxyl-terminal 
D-domain involved in DNA binding. Deletion of the A-domain has been shown 
previously to result in an effector-independent transcriptional activator 
with constitutive ATPase activity. These results, in conjunction with the 
location of mutations within the A- and C-domains which exhibit 
an effector-independent ( semi constitutive ) property, have led to a working 
model in which the A-domain serves to mask the ATPase and transcriptional 
promoting activity of the C-domain in the absence of effectors. To 
investigate the mechanism by which the A-domain exerts its repressive 
effect, we developed a genetic system to select pos . for intramol. second 
site revertants of DmpR. The results demonstrate (i) that 
mutations within the A-domain can suppress the semiconst i tutive 
activity of C-domain located mutations and vice versa; (ii) that 
the C-domain located mutations do not influence the intrinsic 
ATPase and transcriptional promoting property of the C-domain in the 
absence of the A-domain; and (iii) that semiconst itutive mutations 
of the A- and C-domain have an additive effect. Taken together these 
results support a model in which the A-domain represses the function (s) of 
the C-domain by direct interactions between residues of the two domains. 
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AB The NtrC-like regulator DmpR controls transcription from the dmp 
operon that encodes the enzymes for catabolism of phenol and 
some related arom. compds . DmpR activates transcription from 
the . sigma . 54-dependent dmp-operon promoter in the presence of pathway 
substrates or structural analogs in the growth medium. Using 
affinity-purified DmpR and a truncated deriv. , we show here that 
arom. compds. directly activate the ATPase activity of this protein in 
vitro, and that the amino-terminal domain represses this activity in the 
absence of an arom. ligand. In order to dissect the activation process, 
derivs. of DmpR exhibiting single amino acid changes were 
isolated and their effector-dependence and specificity profiles were 
analyzed in vivo. The mechanistic implications of the phenotypes of these 
mutants are discussed. 
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AB The catabolic plasmid pVI150 of Pseudomonas sp. strain CF600 encodes all 
the genetic information required for the regulated metab. of 
phenol and some of its methyl-substituted derivs. The structural 
dmp genes of the pathway are clustered in a single operon that lies just 
downstream of a -24 TGGC, -12 TTGC nif/ntr-like promoter sequence. 
Promoters of this class are recognized by a minor form of RNA polymerase 
utilizing .sigma.54 (NtrA, RpoN) , Primer extension anal, demonstrated 
that the dmp operon transcript initiates downstream of the -24, -12 
promoter. Transposon insertion mutants, specifically defective 
in the regulation of the dmp operon, were isolated, and complementation of 
a phenol-utilization regulatory mutant was used to 
identify the regulatory locus, dmpR. The 67-kDa dmpR 
gene product alone was shown to be sufficient for activation of 
transcription from the dmp operon promoter. Nucleotide sequence detn. 
revealed that DmpR belongs to the NtrC family of transcriptional 
activators that regulate transcription from -24, -12 promoters. The 
deduced amino acid sequence of DmpR has high homol. (40 to 67% 
identity) with the central and carboxy-terminal regions of these 
activators, which are believed to be involved in the interaction with the 
.sigma. 54 RNA polymerase and in DNA binding, resp. The amino-terminal 
region of DmpR was found to share 64% identity with the 
amino-terminal region of XylR, which is also a member of this 
family of activators. This region has been implicated in effector 
recognition of arom. compds. that is required for the regulatory activity 
of XylR. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The subject invention lies in the field of microorganism 

mutation and selection of the mutants. In particular, 

the invention is directed at obtaining metabolic mutants in a i 
simple, direct and specific manner. In a preferred embodiment it is also, 
possible to obtain desired mutants not comprising recombinant 
DNA, thereby facilitating incorporation thereof in products for human 
consumption or application, due to shorter legislative procedures. The 
method according to the invention involves random mutation and 
specific selection of the desired metabolic mutant. A nucleic 
acid cassette comprising a nucleic acid sequence encoding a 
bidirectional marker, said nucleic acid cassette further comprising a 
basic transcriptional unit operatively linked to the nucleic acid 
sequence encoding the bidirectional marker and said nucleic acid 
cassette further comprising an inducible enhancer or activator sequence 
linked to the basic transcription unit in such a manner that upon 
induction of the enhancer or activator sequence the bidirectional marker 
encoding nucleic acid sequence is expressed, said inducible enhancer or 
activator sequence being driven from a gene associated with metabolism 
is claimed as is application thereof in a selection method for 

mutants. In addition a regular gene xlnR encoding an activating 



regulator of an inducible enhancer or activator sequence and application 
of said gene and/or its expression product in overexpression of 
homologous or heterologous protein or peptide is described. Knockout 
mutants wherein said gene is absent or inactivated and 
mutants with increased or decreased DNA binding capacity are 
also claimed. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB In DNA fragments and plasmids comprising the bioB, bioF, bioC, bioD and 

bioA genes responsible for biosynthesis of biotin, or their functionally 
equivalent genetic variants and mutants from enteric bacteria, 
the genes are arranged in a transcription unit, these DNA fragments and 
plasmids can be contained in microorganisms which can be used to produce 
biotin . 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AB 



Gene expression systems comprising an expression vector and a 
"trans-acting DNA segment", where the expression vector comprises the 
gene or genes to be expressed and one or more cis-acting regulatory 
elements which are responsive to a trans-acting factor produced by said 
"trans-acting DNA segment". More specifically the invention relates to 
such gene expression systems where said "trans-acting DNA segment" and 
said cis-acting regulatory elements comprise one or more segments of the 
genome from a Bacillus species. Methods for stimulating the production 
of gene products, vectors for transforming microorganisms, and their use 



are also disclosed. 
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MEDLINE 

20270126 

Identification of an effector specificity subregion within 
the aromatic-responsive regulators DmpR and 
XylR by DNA shuffling. 

Skarfstad E; O'Neill E; Garmendia J; Shingler V 
Department of Cell and Molecular Biology, Umea University, 
Umea, Sweden. 

JOURNAL OF BACTERIOLOGY, (2000 Jun ) 182 (11) 3008-16. 
Journal code: HH3. ISSN: 0021-9193. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
200008 
20000802 

The Pseudomonas derived sigma ( 54 ) -dependent regulators DmpR and 
XylR control the expression of genes involved in catabolism of 
aromatic compounds. Binding to distinct, nonoverlapping groups of aromatic 
effectors controls the activities of these transcriptional activators. 
Previous work has derived a common mechanistic model for these two 
regulators in which effector binding by the N-terminal 210 residues (the 
A-domain) of the protein relieves repression of an intrinsic ATPase 
activity essential for its transcription-promoting property and allows 
productive interaction with the transcriptional apparatus. Here we dissect 
the A-domains of DmpR and XylR by DNA shuffling to 

identify the region(s) that mediates' the differences in the effector 

specificity profiles. Analysis of in vivo transcription in response to 

multiple aromatic effectors and the in vitro phenol-binding 

abilities of regulator derivatives with hybrid DmpR/ XylR 

A-domains reveals that residues 110 to 186 are key determinants that 

distinguish the effector profiles of DmpR and XylR. 

Moreover, the properties of some mosaic DmpR/XylR 

derivatives reveal that high-affinity aromatic effector binding can be 
completely uncoupled from the ability to promote transcription. Hence, 
novel aromatic binding properties will only be translated into functional 
transcriptional activation if effector binding also triggers release of 
interdomain repression. 
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Generation .of novel bacterial regulatory proteins that 
detect priority pollutant phenols. 
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Division, Los Alamos National Laboratory, Los Alamos, New 
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Journal code: 6K6. ISSN: 0099-2240. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
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Priority Journals 
200004 
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The genetic systems of bacteria that have the ability to use organic 
pollutants as carbon and energy sources can be adapted to create bacterial 
biosensors for the detection of industrial pollution. The creation of 
bacterial biosensors is hampered by a lack of information about the 
genetic systems that control production of bacterial enzymes that 
metabolize pollutants. We have attempted to overcome this problem through 
modification of DmpR, a regulatory protein for the 
phenol degradation pathway of Pseudomonas sp. strain CF600. The 
phenol detection capacity of DmpR was altered by using 



AUTHOR: 
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SOURCE: 
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LANGUAGE : 
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AB 



mutagenic PCR targeted to the DmpR sensor domain. 
DrapR mutants were identified that both increased 
sensitivity to the phenolic effectors of wild-type DmpR and 
increased the range of molecules detected. The phenol detection 
characteristics of seven DmpR mutants were 

demonstrated through their ability to activate transcription of a lacZ 
reporter gene. Effectors of the DmpR derivatives included 
phenol, 2-chlorophenol, 2 , 4 -dichlorophenol , 4-chloro-3- 
methylphenol, 2, 4-dimethylphenol , 2-nitrophenol, and 4-nitrophenol . 
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TITLE ■ Novel effector control through modulation of a preexisting 
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LANGUAGE: English 
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ENTRY MONTH: 200002 
ENTRY WEEK: 20000204 

AB The Pseudomonas derived sigma ( 54 ) -dependent DmpR activator 
regulates transcription of the (methyl ) phenol catabolic 
dmp-operon. DmpR is consti tutively expressed, but its 

transcriptional promoting activity is positively controlled in direct 
response to the presence of multiple aromatic effectors. Previous work has 
led to a model in which effector binding by the amino-terminal region of 
the protein relieves repression of an intrinsic ATPase activity essential 
for its transcriptional promoting property. Here, we address whether the 
observed differences in the potencies of the multiple effectors (i) reside 
at the level of different aromatic binding sites, or (ii) are mediated 
through differential binding affinities; furthermore, we address whether 
binding of distinct aromatic effectors has different functional 
consequences for DmpR activity. These questions were addressed 
by comparing wild type and an effector specificity mutant of 
DmpR with respect to effector binding characteristics and the 
ability of aromatics to elicit ATPase activity and transcription. The 
results demonstrate that six test aromatics all share a common binding 
site on DmpR and that binding affinities determine the 
concentration at which DmpR responds to the presence of the 
effector, but not the magnitude of the responses. Interestingly, this 
analysis reveals that the novel abilities of the effector specificity 
mutant are not primarily due to acquisition of new binding 
abilities, but rather, they reside in being able to productively couple 
ATPase activity to transcriptional activation. The mechanistic 
implications of these findings in terms of aromatic control of 
DmpR activity are discussed. 
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FILE SEGMENT: Priority Journals 
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AB The activator-encoding gene phIR was identified upstream of the 
plasmid-encoded operon for phenol degradation in Pseudomonas 
putida strain H by cassette mutagenesis and DNA sequence 

analysis. The deduced amino acid sequence of PHLR shows high homology to 
DmpR of P. putida sp. CF600 and to the chromosomally encoded PhhR 



of P. putida P35X reported previously. Trans-activation of phenol 
degradation was observed when phlR was overexpressed in a phlR insertion 
mutant. Transconj ugants of Escherichia coli carrying pPGHll, which 
contains the complete set of phi genes, are unable to grow on 
phenol as carbon source. However, two types of mutants 

were selected for further characterization that were able to metabolize 
phenol as sole source of carbon and energy. In both types of 
mutants enhanced expression of phlR is responsible for the Phl+ 
phenotype. In type I (pPGH13) a deletion of 1 bp made the -35 region and 
the spacing between the -35 and -10 regions of the phlR promoter more 
similar to the consensus structure. In type II (pPGH14) a duplication of 
the phlR 5' region was identified that includes part of the -35 motif and 
reduces the spacing between the -35 and -10 regions. In addition, due to 
the duplication of part of phlR, the distance from the phlR promoter to 
the catabolic phi operon is increased. Different transcriptional start 
sites have been identified by primer extension analysis in clones 
harboring pPGH14 or the wild type phlR. Quantitative primer extension 
analysis revealed that the greatest amount of phlR transcript is expressed 
from the partial, phlR duplication. Growth on phenol and 
phenol hydroxylase activity reflect the high level of phlR 
transcript in E. coli transconj ugants . Overexpression of PhlR was also 
observed when pPGH14 was transferred into P. putida, and results in 
earlier induction of the phenol degradation operon relative to 
the wild-type strain. 
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AB Degradation of phenol by Acinetobacter calcoaceticus NCIB8250 

involves ( sigma54 -dependent expression of a multicomponent phenol 
hydroxylase and catechol 1 , 2-dioxygenase encoded by the mop operon. 
Complementation of a new mutant deficient in phenol 

utilization yielded the regulatory locus mopR. It is located in divergent 
orientation next to the mop operon. MopR is constitutively expressed at a 
low level from a sigma70-type promoter and belongs to the NtrC family of 
regulators. The amino acid sequence is similar to that of XylR 
regulating xylene degradation and to that of DmpR regulating 
dimethylphenol degradation in Pseudomonas spp. However, it shows a 
different effector profile for substituted phenols than DmpR. 
MopR activates phenol hydroxylase expression in the presence of 
phenol in Escherichia coli, indicating that it binds the effector. 
The phenol binding A domains of MopR and DmpR have 
fewer identical residues than the A domains of DmpR and 
XylR, despite the fact that XylR recognizes different 

effectors. This suggests that sequence conservation in the A domain does 
not reflect the potential to bind the respective effectors. Overexpression 
of the MopR A domain in the presence of wild-type MopR causes loss of mop 
inducibility by phenol, establishing its negative transdominance 
over MopR. Deletion of 110 residues from the N terminus did not affect 
transdominance of the truncated domain, whereas deletion of 150 residues 
abolished it completely. This result establishes the distinction of two 
subdomains, A ( N ) and A(C), which together constitute the A domain. The 
C-terminal portion of the A domain, A(C), shows considerable affinity for 
the C domain, even in the presence of the trigger phenol. 
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Journal code: HIV. ISSN: 0021-9258. 
PUB. COUNTRY: United States 

Journal; Article; (JOURNAL ARTICLE) 
LANGUAGE: English 

FILE SEGMENT: Priority Journals; Cancer Journals 

ENTRY MONTH: 199611 

AB The final sigma54 -dependent DicpR activator regulates 

transcription of the dmp operon that encodes the enzymes for catabolism of 
(methyl )phenols. DmpR is expressed constitutively, but its 
transcriptional promoting activity is controlled positively in direct 
response to the presence of aromatic pathway substrates (effectors). 
DmpR has a distinct domain structure with the amino-terminal 
A-domain controlling the specificity of activation of the regulator by 
aromatic effectors (signal reception), a central C-domain mediating an 
ATPase activity essential for transcriptional activation, and a 
carboxyl-terminal D-domain involved in DNA binding. Deletion of the 
A-domain has been shown previously to result in an effector-independent 
transcriptional activator with constitutive ATPase activity. These 
results, in conjunction with the location of mutations within 
the A- and C-domains which exhibit an effector-independent 
(semiconstitutive ) property, have led to a working model in which the 
A-domain serves to mask the ATPase and transcriptional promoting activity 
of the C-domain in the absence of effectors. To investigate the mechanism 
by which the A-domain exerts its repressive effect, we developed a genetic 
system to select positively for intramolecular second site revertants of 
DmpR. The results demonstrate (i) that mutations within 
the A-domain can suppress the semiconstitutive activity of C-domain 
located mutations and vice versa; (ii) that the C-domain located 
mutations do not influence the intrinsic ATPase and 

transcriptional promoting property of the C-domain in the absence of the 
A-domain; and (iii) that semiconstitutive mutations of the A- 
and C-domain have an additive effect. Taken .together these results support 
a model in which the A-domain represses the function (s) of the C-domain by 
direct interactions between residues of the two domains. 
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Direct regulation of the ATPase activity of the 
transcriptional activator DmpR by aromatic 
compounds . 
Shingler V; Pavel H 

Department of Cell and Molecular Biology, Umea University, 
Sweden . 

MOLECULAR MICROBIOLOGY, (1995 Aug) 17 (3) 505-13. 
Journal code: MOM. ISSN: 0950-382X. 
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Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199605 

The NtrC-like regulator DmpR controls transcription from the dmp 
operon that encodes the enzymes for catabolism of phenol and 
some related aromatic compounds. DmpR activates transcription 
from the sigma 54-dependent dmp-operon promoter in the presence of pathway 
substrates or structural analogues in the growth medium .. Using 
affinity-purified DmpR and a truncated derivative, we show here 
that aromatic compounds directly activate the ATPase activity of this 
protein in vitro, and that the amino-terminal domain represses this 
activity in the absence of ah aromatic ligand. In order to dissect the 
activation process, derivatives of DmpR exhibiting single amino 
acid changes were isolated and their effector-dependence and specificity 
profiles were analysed in vivo. The mechanistic implications of the 
phenotypes of these mutants are discussed. 
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An aromatic effector specificity mutant of the 

transcriptional regulator DmpR overcomes the 

growth constraints of Pseudomonas sp. strain CF600 on 

para-substituted methylphenols . 

Pavel H; Forsman M; Shingler V 

Department of Cell and Molecular Biology, Umea University, 
Sweden . 

JOURNAL OF BACTERIOLOGY, (1994 Dec) 176 (24) 7550-7. 
Journal code: HH3. ISSN: 0021-9193. 
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AB The pVI150 catabolic plasmid of Pseudomonas sp. strain CF600 carries the 
dmp system, which comprises the divergently transcribed dmpR 
gene and the dmp operon coding for the catabolic enzymes required for 
growth on ( methyl ) phenols . The constitutively expressed DmpR 
transcriptional activator positively controls the expression of the 
RpoN-dependent dmp operon promoter in the presence of the aromatic 
effector in the growth medium. However, the magnitude of the 
transcriptional response differs depending on the position of the methyl 
substituent on the aromatic ring. Experiments involving an elevated copy 
number of the dmp system demonstrate that growth on para-substituted 
methylphenols is limited by the level of the catabolic enzymes. An 
effector specificity mutant of DmpR, DmpR 

-E135K, that responded to the presence of 4 -ethylphenol , a noneffector of 
the wild-type protein, was isolated by genetic selection. The single point 
mutation in DmpR-E135K, which results in a Glu-to-Lys 
change in residue 135, also results in a regulator with enhanced 
recognition of para-substituted methylphenols. The DmpR-E135K _ 
mutation, when introduced into the wild-type strain, confers 
enhanced utilization of the para-substituted methylphenols. These 
experiments demonstrate that the aromatic effector activation of wild-type 
DmpR by the para-substituted methylphenols is a major factor 
limiting the catabolism of these compounds. 
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AB The catabolic plasmid pVI150 of Pseudomonas sp. strain CF600 encodes all 
the genetic information required for the regulated metabolism of 
phenol and some of its methyl-substituted derivatives. The 
structural dmp genes of the pathway are clustered in a single operon that 
lies just downstream of a -24 TGGC, -12 TTGC nif/ntr-like promoter 
sequence. Promoters of this class are recognized by a minor form of RNA 
polymerase utilizing sigma 54 (NtrA, RpoN ) . Primer extension analysis 
demonstrated that the dmp operon transcript initiates downstream of the 
-24, -12 promoter. Transposon insertion mutants, specifically 
defective in the regulation of the dmp operon, were isolated, and 
complementation of a phenol-utilization regulatory 
mutant was used to identify the regulatory locus, dmpR. 
The 67-kDa dmpR gene product alone was shown to be sufficient 
for activation of transcription from the dmp operon promoter. Nucleotide 
sequence determination revealed that DmpR belongs to the NtrC 
family of transcriptional activators that regulate transcription from -24, 
-12 promoters. The deduced amino acid sequence of DmpR has high 
homology (40 to 61% identity) with the central and carboxy-terminal 
regions of these activators, which are believed to be involved in the 
interaction with the sigma 54 RNA polymerase and in DNA binding, 
respectively. The amino-terminal region of DmpR was found to 
share 64% identity with the amino-terminal region of XylR, which 
is also a member of this family of activators. This region has been 
implicated in effector recognition of aromatic compounds that is required 
for the regulatory activity of XylR. 
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Development and testing of a bacterial 
biosensor for toluene-based environmental 
contaminants 

Willardson, Barry M . ; Wilkins, Jon F. ; Rand, Timothy 
A.; Schupp, James M. ; Hill, Karen K . ; Keim, Paul; 
Jackson, Paul J. 

Department of Chemistry and Biochemistry, Brigham 
Young University, Provo, UT, 84602, USA 
Appl. Environ. Microbiol. (1998), 64(3), 1006-1012 
CODEN: AEMIDF; ISSN: 0099-2240 
American Society for Microbiology 
Journal 
English 

A bacterial biosensor for benzene, toluene, and similar compds. 
was constructed, characterized, and field tested on contaminated H20 and 
soil. The biosensor is based on a plasmid incorporating the 
transcriptional activator xylR from the TOL plasmid of 
Pseudomonas putida mt-2. The XylR protein binds a subset of 
toluene-like compds. and activates transcription at its promoter, Pu. A 
reporter plasmid was constructed by placing the luc gene for firefly 
lucif erase under the control of XylR and Pu. When Escherichia 
coli cells were transformed with this plasmid vector, luminescence from 
the cells was induced in the presence of benzene, toluene, xylenes, and 
similar mols. Accurate concn. dependencies of luminescence were obtained 
and exhibited Kl/2 values ranging from 39.0 .+-. 3.8 .mu.M for 3-xylene t 
2,690 .+-. 160 .mu.M for 3-methylbenzyl ale. (means .+-. std. deviations) 
The luminescence response was specific for only toluene-like mols. that 
bind to and activate XylR. The biosensor cells were 

field tested on deep aquifer H20, for which contaminant levels were known 
and were able to accurately detect toluene deriv. contamination in this 
H20. The biosensor cells also detect BETX (benzene, toluene, 
and xylene) contamination in soil samples. These results demonstrate the 
capability of such a bacterial biosensor to accurately measure 
environmental contaminants and suggest a potential for its inexpensive 
application in field-ready assays. 
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Genetic construct for biosensor - comprises 
reporter gene and gene encoding enzyme, useful for, e.g. 
detection of environmental pollutants 
Jury K; Schneider R; Vancov T 

(CRCW-N)CRC WASTE MANAGEMENT & POLLUTION CONTROL 
WO 9804716 Al 19980205 52p 
WO 1997-AU473 19970725 
AU 1996-1280 19960729 
Patent 
English 

1998-145262 [13] 

V11353-V11370 are PCR primers used in the construction of a genetic 
construct for use in a biosensor. This biosensor is 

composed of a nucleic acid encoding a reporter and a nucleic acid 
encoding an enzyme which are controlled by inducible promoters. The 
biosensor can measure an environmental signal, e.g. pollutants, 

toxins, temperature, irradiation, biological or chemical signals, and 
also by . appropriate choice of promoter it can be used to detect 
physiological responses, e.g. starvation, toxicity or sporulation 
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AB V11353-V11370 are PCR primers used in the construction of a genetic 
construct for use in a biosensor. This biosensor is 

composed of a nucleic acid encoding a reporter and a nucleic acid 
encoding an enzyme which are controlled by inducible promoters. The 
biosensor can measure an environmental signal, e.g. pollutants, 

toxins, temperature, irradiation, biological or chemical signals, and 
also by appropriate choice of promoter it can be used to detect 
physiological responses, e.g. starvation, toxicity or sporulation 
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A bacterial biosensor for benzene, toluene, and similar 
compounds has been constructed, characterized, and field tested on 
contaminated water and soil. The biosensor is based on a plasmid 
incorporating the transcriptional activator xylR from the TOL 
plasmid of Pseudomonas putida mt-2. The XylR protein binds a 
subset of toluene-like compounds and activates transcription at its 
promoter, Pu. A reporter plasmid was constructed by placing the luc gene 



for firefly lucif erase under the control of XylR and Pu . When 
Escherichia coli cells were transformed with this plasmid vector, 
luminescence from the cells was induced in the presence of benzene, 
toluene, xylenes, and similar molecules. Accurate concentration 
dependencies of luminescence were obtained and exhibited Kl/2 values 
ranging from 39.0 +/- 3.8 microM for 3-xylene to 2,690 + /- 160 microM for 
3-methylbenzylalcohol (means +/- standard deviations). The luminescence 
response was specific for only toluene-like molecules that bind to and 
activate XylR. The biosensor cells were field tested 

on deep aquifer water, for which contaminant levels were known, and were 

able to accurately detect toluene derivative contamination in this water. 

The biosensor cells were also shown to detect BETX (benzene, 

toluene, and xylene) contamination in soil samples. These results 

demonstrate the capability of such a bacterial biosensor to 

accurately measure environmental contaminants and suggest a potential for 

its inexpensive application in field-ready assays. 



